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ABSTRACT 



A ship of a displacement type with a pointed bow and a 
transom stem, a longitudinal length of L, and defining a base 



plane and a design waterline plane, the ship con^irising: 
approximately sinusoidal waterlines; a surface extending 
from the transom stem at the design watedine plane to the 
base plane at about L/2 and defining an angle between: the 
base plane and an oblique plane, the oblique plane t>eing 
defined by: a line at the intersection of the transom stem and 
the design waterline plane and a point located on the surface 
at about 0^ L from the transcxn stern, and a first propcUcx 
whidi is attached to the ship so that the hull wake through 
the first propeller is less than 0.50. A ship of a displacement 
type with a transom stem, a longitudinal length of L, and 
defining a base plane and a design waterline plane, the ship 
comprising: approximately sinusoidal waterlines; and a sur- 
face extending from the transom stem at the design water- 
line plane to the base plane at about L/2 and defining an 
angle between: the base plane and an oblique plane, the 
oblique plane being defined by: a line at the intersection of 
the transom stern and the design waterline plane and a point 
located on the surface at about 0.2 L from the transom stem; 
a first propeller which is attadied to the surface of the ship 
near a first comer of the transom stem; and a second 
propeller which is attached to the surface of the ship near a 
second comer of the transom stem. A ship of a displacement 
type with a painted tx>w and a transom stem, a longitudinal 
length of Lf and defining a base plane and a design waterline 
plane, the ship con^nising: approximately sinusoidal water- 
lines; and a surface extending from the transom stem at the 
design waterline plane to the base plane at about IV2 and 
deeming an angle between: the base plane and an oblique 
plane, the oblique plane being defined by: a line at the 
intersection <rf the transom stem and the design waterline 
plane and a point located on the surface at about 0.2 L from 
the transom stern, and a first propeller wherein an axis of the 
first propeller is substantially parallel to the base plane of the 
ship. 

16 Claims, 10 Drawing Sheets 
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FIG. 5 
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PROPELLER CONFIGURATION FOR 
SINUSOIDAL WATERLINE SHIPS 

FIELD OF THE XNVENTION 
The applicatioD is a Continuation-m-Pait of U.S. patent 
application Scr. No. 08/230,640 filed on Apr. 21, 1994, now 
U.S. PaL No. 5^98,802. This invention relates to propulsion 
systems for shi^ hull designs made of the sinusoidal water- 
line variety. 

BACKGROUND OF THE INVENTION 
Recently, sinusoidal water-line hulls have been developed 
to improve a vessel's dead-weight tonnage transverse 
stability, navigational and sailing properties and to reduce 
stresses on the hull beam whether the vessel is sailing in 
quiet water or into the waves. An example of this type of hull 
is described in European Patent 0 134 767 B 1, issued to 
Ramde, incorporated herein by reference. 

As explained in the Ramde patent, at given main dimen- 
sioDS of length, beam and draught, conventional hull con- 
figurations can obtain greater deadweight tonnage by 
increasing the fiiUness of the underwater portion of the bull, 
thereby inaeasing the total displacement To improve the 
transverse stability of a conventionally formed hull, 
expressed as a higher initial metacentcr, the beam of the hull 
can be increased to obtain a greater moment on inertia at the 
waterlinc, optionally also raising the vdumettic center of 
gravity of the underwater hull. 

This configuration has a large flat oblique surface that 
extends from the stem at the waterline down to the keel line 
at the midship. This surface encompasses the whole aft 
section of die ship and is angled downward from the stem 
toward the bow. The first Ramform ship built under the 
original patent is designed with an angle of 14.2 degree 
between the oblique plane and the base plane. Originally, it 
was believed that the water flowlincs in the aft section would 
run parallel to this surface rather than parallel to the water- 
line. However, now it is observed that the flowlines separate 
from the oblique plane so that the wake of this ship contains 
vortices which shed from tiie wide, sloping aftship. This 
effect is caused by the steq> angle of 14.2 degrees between 
die two planes, so that the flow in the boundary layer 
separates and reverses direction near the oblique plane of the 
bottom, resulting in the generation of vortices. 

The propulsion system disclosed in the Ramde European 
*767 patent was designed to acoonimodate angled flow lines 
whic^ remained attached to the oblique plane. The axis of 
the propeller (f) is shown substantially parallel to the 
approximately oblique surface (s). This angled orientation 
was believed to increase the overall thrust of the propeller 
because the propeller race was in Unc with the water flow 
lines. This was to allow unstable flow from the propello- to 
remain attached to oblique surface. If ttie unstable flow 
separates from the oblique surface, drag or resistance is 
significantly increased. TTiis design was to produce greater 
ovaall fluust in spite of the smaller horizontal thrust com- 
ponent cause by the inclined installation of the propeller. 

However, it is now observed that for particular angles of 
the oblique plane, unstable flow can remain attached to the 
oblique surface. Also, the hull wake varies at different points 
over the oblique surface. Therefore, there is a need f(x a 
sinusoidal water-line hull that has a propeller that is posi- 
tioned in a region of reduced hull wake and that produces a 
larger horizontal dmist component without causing separa- 
tion of the flow lines from the oblique surface. 

SUMMARY OF THE INVENTION 
The present invention places propeUcrs near the comers 
of the stem rather dian in the center of the oblique surface. 
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Tests have reveled that regions near the stem comers have 
reduced hull wake and that the water flowlincs are parallel 
with the base plane rather than the oblique surface. 
Therefore, propellers attached to the ship at the stem comers 
5 may be parallel with the base plane of the ship to impart the 
entire thrust con^nent in the direction of the ship's forward 
motion. Also, the angle of the oblique surface is modified to 
ensure that the flow lines do not separate from the oblique 
surface near the center of the ship in the absence of propel- 
lo lets which had been positioned there. 

According to one embodiment of the invention, there is 
provided a ship of a displacement type with a pointed bow 
and a transom stem, a longitudinal length of L, and defining 
a base plane and a design waterline plane, the ship com- 
15 prising: approximately sinusoidal watcrhnes; a surface 
extending from the transom stem at the design waterline 
plane to the base plane at about L/2 and defining an angle 
between: the base plane and an oblique plane, the oblique 
plane being defined by; a line at the intersection of the 
20 transom stem and the design watalinc plane and a point 
located on the surface at about 0.2 L from the transom stern, 
and a first propeller which is attached to the ship so that the 
hull wake through the first propeller is less flian 0.50. 
According to another embodiment of the invention, there 
25 is provided a ship of a displacement type with a transom 
stem, a longitudinal length of L, and defining a base plane 
and a design waterline plane, the ship conoprising: ^proxi- 
mately sinusoidal watertincs; and a surface extending from 
the transom stem at the design waterline plane to the base 
^ plane at about L/2 and defining an angle t>etween: the base 
plane and an oblique plane, the oblique plane being defined 
by: a line at the intersection of the (ransom stern and the 
design waterline plane and a point located on the surface at 
about 0.2 L from the transom stem; a first propeller which 
is attached to the surface of the ship near a first comer of the 
transom stem; and a second propeller which is attached to 
the surface of the ship near a second comer of the transom 
stem. 

According to a further embodiment of the invention, there 
^ is provided a ship of a displacement type with a pointed bow 
and a transom stern, a longitudinal length of L, and defining 
a base plane and a design waterline plane, the ship com- 
prising: approximately sinusoidal waterlines; and a surface 
extending from the transom stem at the design waterline 
plane to the base plane at about L/2 and defining an angle 
between: the base plane and an oblique plane, the oblique 
plane being defined by: a line at the intersection erf the 
transom stem and the design waterline plane and a point 
located on the surface at atwut 0.2 L fix>m the transom stem, 
and a first propeller wherein an axis of the first propeller is 
substantially parallel to the base plane of the ship. 

The preceding embodiments are given by way of 
example, only. No limitation of the invention is intended by 
the inclusion of any particular feature or combination in the 
preceding examples, as it will be clear to a person of 
ordinary skill that the invention lends itself to other embodi- 
ments. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be better understood by read- 
ing the following description of nonlinutative embodiments, 
widi reference to the attached drawings which are briefly 
described as follows: 

FIG. 1 is a top plan view of a hull made according to an 
embodiment of the present invention. 
FIG. 2 is a side elevation of the huU of FIG. 1. 
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FIG 3 is bottom oUd view of the huU of FIG. 1. Acceding to a further embodiment of the invention, the 

RG 4 is a side view of a huU made according to an displacement distribution in the longitudinal direction 

fiKj, R IS a swc view * ^ approximates a Rayleigh wave. Such a wave is accora- 

embodimcnt of the pirsent invention J^^^^ ^ y^J^ embodiment with substantially 

no. 5 is a schematic diagram of a transverse cross- ^ ^-u^^iy ^ut ofif, approximately harmonic sinusoidal water- 
section of a bulge at the edge of the obUque surface. ^ ^ ^ 3^ extremity or stationary points 

FIG. 6 is a schematic diagram of a cross section of a bulge ^ ^ ^^^^ aft» while at the 

which extends both in horizontal and vertical directions. watcrlincs.(Oj^^ Oj, Oj, ©3) 

FIG. 7 represents a bottom plane view of half a huU from the design watcriiae (dwl) and at increasing depths 

according to FIG. 5 made with a bulge running from the bow 10 from this gradually arc displaced in the direction of forward 

of the ship to the transom stem. prc^sion, shortened so far that an approximately obUque 

HG 8 represents a sidcvicw of the huU made according surface (s), which may be straight, is defined. Further in 

to an embodiment of the present invention. accordance with this embodiment, surface (s) whidi com- 

HG 9 desaibcs one embodiment of the invention shown pris« the st« half of the hull 10 and permits utihzation of 

from the starboard side. 15 vanous propulsion systems , 

HG 10 shows an aft view of an embodiment of the R^f^^ng now to FIGS. 2 and 3, according to a fuller 

riu. lu snows an aii view a« enibodiment of present invention, a rabo Bl/tl IS defined at 

invention. ^ transverse section through the hull 10 below the design 

HG, 11 depicts a top view of an embodiment of the ^at^rline (dwl) at a distance of about 0. 15 L from the stern, 

invention. 20 wherein (Bl) is the beam at the design waterline (dwl) and 

FIG. 12a shows test results for ttie Taylor Wake for ^^jj ^ draught of the hull (measured from the same 

angular positions at a radius of 40 mm relative to the scaled waterline). According to this embodiment, the ratio Bl/tl is 

model about 15. According to an alternative embodiment, the ratio 

FIG. 12^ shows test results for the Taylor Wake for BVtl is greater than the conesponding ratio for a section at 

angular positions at a radius of 60 mm relative to the scaled 25 L/2 where the beam (B^) and draught (t^) are measured in 

model the same way. 

FIG. 12c shows test results for the Taylor Wake for According to a further embodiment of the invention a 

angular positions at a radius of 80 mm relative to the scaled further hull ratio ^^jJC^i is defined, wherein is the 

model. hull^s block coefficient and Cj^, is the hull's longitudinal 

FIG. Md shows test results for the Taylor Wake for ^ prismatic coefficient expressed from the following equa- 

angular positions at a radius of 100 nun relative to the scaled tions: 
model 

FIG. 13 depicts a curve of constant wake fractions for the c,=V7(yiiyjXt) and Cj^^^M 
propcUer disc. ^ , 35 wherein L is the length at the design waterline, A is the area 

FIG. 14 is a starboard view of an embodiment of the ^ transverse section up to the waterline at IV2, V is the 

invention having a skeg. displacement volume to the design waterline, A^,,,, is the 

FIG. 15 is a top view of an embodiment of the invention waterline area, and B is the maximum beam at the waterline. 

having a skeg. According to this embodiment, the hull parameter e is about 

FIG. 16 is an aft view of an embodiment of the invention 40 1 or greater, 

having a skeg. Referring again to FIG. 1 according to a further embodi- 

It is to be noted, however, tfiat the appended drawings ment of the invention, the design waterline* s areal center of ^ 

illustrate only typical embodiments of the invention and arc gravity (LCF) is located around 0.2 L aft of naidship, and the - ^ ; 

therefore not to be considered a limitation of the scope of the iii^jroved hull's volumetric center of gravity (buoyancy) 
invention whidi includes odicr equally effective embodi- 45 (LCB) at the dq)th of about 0.3T below the design waterline -\ 

^P^ts^ (dwl) around 0.075 L forward of areal center of gravity, J 

which may be expressed as LCF-LC3=0.075 L. 

DETAILED DESCRIPTION OF THE Referring again to HG. 1, the huU 10 is shown with the 

INVENTION approximately harmonic sinusoidal waterlines around the 

Referring now to HG.l, according to one embodiment of 50 design waterline (dwl) with extremity points around the 

the present invention, there is provided a hull 10 with more hull's bow and stern ends with, wherein the areal center of 

rounded lines than conventional hull configurations, gravity (LCF) is about 0.2 L aft of IV2. , . ^ „ 

expressed by tiie term for slendcrness of line UV''^, where FIG. 2 shows tiie an embodiment of the invention s hull 

L is the length of the huU at tiic design waterline (dwl) below the design waterUne (dwl) m vertical section, whwc 
corresponding to the depth T to the summer freeboard (sec 55 it is seen that the base lines are substantiaUy squarely cut ofif. 

HG 2) and Vis the displacement volume of the huU at the Further in accordance with this emboduncn^ there arc 

design waterline. Further according to this embodiment, approximately harmonic sinusoidal watcrhnes (Orf^i* Oj, O^, 

L/V^ is about 3 or greater, but the specific resistance to Og) along a sloped generally planar surface (s), which ^lc 

propulsion compared to conventional huU configurations is displaced in the direction of f^ward propulsion of the 
not inaeased. At the same time, the present embodiment 60 vessel, and which coincide with the base plane (g) at about 

wovides that the hull beam B is such that the ITB ratio is L72. FUrtiicr, the distance between tiie areal center of gravity 

betwccnabout I and about 2.^ The preferred ratio has been (LCF) and the buoyancy center of ^avity (LCB) of tiie huU 

found to bft about 1.7. B is the maximum beam of the hull 10 at the dcptii of tiic design waterhne (dwl) is about 0.075 

atthcdesignwaterUne(dwl).Accordingtothis embodiment, L. The gencraUy planar surface (s) in some embodmicnts 
the heiiibt of the mctaoenter of the huU 10 is more tiian 63 takes the form of a curved surface with a very large radius. 

douWod in relation to conventional hull configurations of the (for example between about 3 and about 5 times the maxi- 

, ^. mum beam, and in a specific embodiment, about 4) 
same lengm. 
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In FIG. 3, the hull configuration of FIG. 2 is shown in 
horizontal projection with the watcilines dwl, 1, 2, 3 and, g 
in the examples with a U-firame at the bow end of the huH 
Accdding to alternative cmbodimcats of the invention, 
other known frame forms are used. The embodiment of FIG. 
3 also has a ratio between beam and d^th for a section 
around 0. 15 L from the stem and at L/2, where the respective 
beams and dq>tbs are designated B| and and and tj. 

Referring again to FIG. 1, the length (L) and beam (B) 
dimensions are showa It has been determined that small L/B 
values produce unexpected high viscous damping in roll, 
pitch and heave, indicated by higher natural periods. Tests 
were paformed to determine the magnitude of this damping. 
Two models were tested, B30 and B40, with L/B ratios 1.78 
and 238 respectively. These models had the following 
characteristics: 



The tests in waves were earned out as follows: 



Lesgfli Ovenll 



Wetted Surface 

Lcntg. Center of Qnvity Tran Stem 
^fert Center of Grmrity Above Bue 
Metacentcr Radius 
i^etxaisx Heigbt 
Ikansverae Radius of Oyratkn (Air) 
LoAgitadiDal Radius of Gyntioa (Air) 



V 
T 
S 

LCO 
VCG 

OMr 



ADDED MASS/MOMENTS 

Cafculatod Roll Feiiod in Air T^' 

Ikfeasmcd RoU Period in Water T ^ 

"nansverse Radius of Oyratioo in ^9fata kjn 

Ibtal Moment of Inerlia 1»T0T 

Calculated Pitch Period in Air TB 

Measured Pitch Period b Vfada T G 
LoQgitudtnal Radius of Oyntion in ^ter ' 

Ibtal Mmt-mt of Imtia hr^^^ 
B40 

l,^?yi jth Overall 
Btradlh 

DisplaodDecit V 

Drau^t I* 

Wctled SuifiKc S 

Loa^. rmtfT of Gra'nty from. Stem LCO 

\fcrt. Center of Gravity above Base VCG 

Metacentcr Radius KMr 

Ivfetacenlric Heigbt OM; 

'Oinffvenc Raclius of Oyratioo (Air) k„ 

. Lonffituc&ul Radius of Oytation (Air) lc„ 
ADDED MASS/MOMENTS 

Calculated RoU Period in Air T^)' 

Kfeasuied RoU Period in Water T ^ 

Ihnsvcrse Radius of Oyratico in Wntcr Km. 

Ibtal MdDcnt of Iixxtia ^TOT 

Calculated Pitch Period in Air TO 

\feasured Pitch Period in WUer TO 

Loogitotfinal Radius of Oyntioa in Water iLyy 

Ibtal Mosnent of Inertia ^TOT 



1.66 Ic^ 



Headipg 
Vessel speed 
Number of rej. waves 
Number of wave spectn 
Number of bad cooditians, B = 
Number of load conditians, B : 



40m 
30m 



90 dcg (beam seas) 

0 knot 
10 

3 

2 (transport and operation) 

1 (openiioa) 



10 



13 



As shown in the table below, the increase in viscous 
dan^ning in roll, pitch and heave due to added displace- 
ment of oscillating water farther from the center of rotation 
is considerable compared to conventional vessels. 



20 





VISCUS DAMPENING 






ROLL PTTCH 


HEAVE 


RamCoimBSO 


038 x^, 13xl„ 




RAm£DrmB40 


1.36 xl„ 1.75 x^ 




Comrcntiotnal 


0.2-0.4 X I„ 


0.5-1.0 X A 



78.50 m 
30.00 m 
6070 m* 
7.06 m 
2010 m^ 
3Z0Om 
9.61 m 
14.14 m 
4.02 m 
8.51m 
20.45 m 



8.51 sec. 
10.0 sec. 
1.176 . 
138 

559 sec. 
9.1 see. 
iJl-k^ 



78.50 m 
40.00 m 
6590 m' 
6.16 m 
2445 m' 
34.00 m 
7j03m 
2Z87 m 
15.84 m 
930 m 
2L25m 



4.7 sec. 
7.2 sec. 
U37-K^ 
2.36 . W 
543 sec. 
9.0; 
1.66; 



Before the testing in waves, pendulum tests in air were 
carried out with the models, to adjust the mass distribution 
according to the specified values. Inclining tests in water 
were carried out to control the metacentric hdght Also 
motion decay tests in water were carried out for the three 
load conditions to obtain information on the natural periods, 
added mass and moments and the viscous damping. 



Also, long trend probability analyses for roll in Northern 
North Atlantic showed that the roll anq)litude over return 

25 periods up to 100 years are about 50% lower for the wider 
ship with the lowest L/B ratio of 1.78. An optimum UB ratio 
is about 1.7. The main reason for this difference is the large 
ratio between the bottom plane area and the immersed 
volume. The practical consequences are that the angular roll 

30 motion and heave motion (vertical displacement) for the 
ship with the lowest L/B ratio will be lower than for the ship 
with a higher L/B ratio. This is, in particular, unexpected for 
roll motion. 

Increasing the beam relative to the length, however, tends 

35 to increase the resistivity of the ship, which nonnally yields 
a lower Froude Number. The Eroude Number is defined as 
V/(gL)*'^ where V is the speed of the ship, g is the 
gravitational acceleration constant, and Lis the length of the 
ship. Hie Froude Number, rather than the ship's absolute 

40 speed, defines whether a ship is fast or slow. Thus, two ships 
may have the same absolute speed and one of them could be 
a fast ship and the other a slow one, since die former may 
be short and the latter much longer. It is desirable to have a 
ship with a Froude Number between about 0.1 and about 

45 0.35. Thus, even though the ship outlined above has a 
relatively low L/B ratio, which tends to increase the 
resistance, it should be between about 0.1 and about 035. 

Referring to FIG. 4, a base plane (B) and an oblique plane 
(0) are shown. The base plane (B) is parallel to the design 

50 water line (dwl) and coincides with the kcri Une (K) of the 
ship. A surface (S) extends from the transom stern (700) at 
the design watcrline plane (dwl) to the base plane (B) at 
about L/2. The oblique plane (0) intersects die transom stern 
(700) at the design walerlinc plane (dwl) and a point located 

55 on the surface (S) at about 0.2 L from the transom stern 
(700), The angle between the oblique plane (0) and the base 
plane (B) is defined as alpha (a). 

The angle (a) dictates whether the water flowlines over 
the surface (S) remain attarhed to the surface (S) or whether 

60 the flowlines become separated. At smaller angles the flow- 
lines do not separate from the surface (S) of the ship. If the 
flowlines do sq)arat6 from the surface (S), then vortices arc 
formed at the region of separation which increases the ships 
resistance. Tests were performed to determine the angle 

65 which provides the lowest resistance. 

A ship was tested in a model basin with respect to the 
effect of the variation in angle between the oblique plane and 
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the base plane on wodd resistance. A resistance test was lun 
with constant draught at EP. and the dynamic suction in KR 
was measured at speeds 13-17 knots. The hull model 
M-1867 C was manufactured to the scale ratio 1'26^. The 
model was equipped with a trip wire at station 9^^ in order 
to obtain turbulent flow. Stabilizing fins and thiustcr pods 
were not fitted to tiie modcL All results refer to salt water 
with density 1025 kp/jr? and a sea ten^>eraturc of 15* C. 
The resistance tests were carried out as follows: 



Dmigbt 




AppecdifC 




Speed 


(m) 








(kxiDts) 


495 


0 






13-18 


495 


1 <kg tvd 






13-17 


495 








13-17 


495 


0 


Filed FJ>. 




13-17 


495 


0 


Bow £dU 




13-17 




Test Results 






Effective horse power for M- 1 867 C at draught T=4.95 m. 


even kBel=100%. 








V, 


Even 






Fixed 


(knots) 


Keel 


r twd. 


l»»ft 


FJ. 


13 


100 


99.1 


103.8 


105.2 


14 


100 


114.8 


1083 


107.4 


15 


100 


106.6 


93.8 


91.4 


16 


100 


103.2 


88.7 


84.1 


17 


100 


108.6 


935 


86.4 



10 



15 



Hie dynamic suction measured at Fi*. for test with fixed 
forward draught: 



V. 


SuctioD 


(kmts) 


(toimes) 


13 


104.6 


15 


14M 


17 


188.3 



Prom the test results, it was found that the resistance 
varies between 103.2 and 88.7% compared to the "even 
keel" angle, which was set to about 13.2 degrees or about 1 
degree less than on model No. 1. The reduced resistance is 
due to the elimination of vortices because the fiowlincs 
remain attached to the oblique surface (S). Reducing this 
angle by about 1 degree, to about 12.2 degrees, the lowest 
resistance level in the design speed range was obtained. 

Thus, is was determined that a sinusoidal watcrline hull 
having a UB ratio of about 1.7 could still have a Froude 
Number of about 0.32 by adjusting the angle between the 
oblique plane and the base plane to be about 12.2'*. 

FIG. 5 represents a schematic diagram of a transversal 
cross section of a sinusoidal watffline-type hull ship accOTd- 
ing to the present invention showing the principal transition 



board plane which is substantially parallel to the center line 
plane 1 and which rims into the bottom plane by a curved 
portion connecting the side board plane with the bottom 
plane of the ship. This curved portion is defined by a radius 
related to a imaginary point P constructed by the intersection 
of an elongated line lying in the side board plane and an 
elongated line lying in the bottom plane 2. This point P also 
CQuesponds to the maximum beam of a conventional ship 
characterized by B^. The side board plane is paraUcl 
to the center line plane 1 in the area of the waterline 3 in the 
midshq) section of a conventional ship. 

The general shape of one embodiment of a sinusoidal 
watcrline-type hull 10 significantly deviates from the gen- 
eral shape of a conventional hull form. On the one hand the 
hull 10 is curved at a obtain radius in a concave way related 
to the center line plane 1 and running into a bulge 100 near 
the bottom plane 2, said bulge 100 going beyond the line 
through the side board plane and point P, which defines the 
maximum beam of a conventional ship B,^ so that the 
20 maximum beam of a sinusoidal watcrline-type hull sh^ is 
larger, by the difference between B 

max. conv 

and B^,£„ than 

B Such a bulge 100 which is arranged below the 

waterline 3 and wtiich has smooth transition ranges from the 
side board of the ship into the bulge 100 and from the bulge 
25 into the bottom plane 2, increases the deadweight of the ship 
as well as the rolling, pitching and to a certain extent also 
heaving movements of the ship. However, the amount of 
in^rovemcnt of the rolling behavior of a sinusoidal 
watcrline-type hull ship without a bulge is rather limited 
3Q because the water displaced by the hull form in the bottom 
plane range of the ship can easily flow transversely around 
the bulge 100 without giving a significant reduction of 
rolling behavior of the ship. 

FIG. 6 comprises a schematic diagram of a cross section 
35 of an inq)rovcd siDUSoidal watcrline-type hull ship according 
to FIG. 5. This sinusoidal watcrline-type hull sh^, however, 
conq>riscs a horizontally and vertically extending bulge 200 
according to the invention- The construction of point P 
corresponds to the one described with regard to FIG. 5. As 
40 it can be seen from FIG. 6, the bulge 200 encircles this point 
P both in horizontal and in vertical direction. Again, this 
point P represents the locus at which the local extension of 
the basically vertical ship side, the side board plane, and the 
basically horizontal bottom of the ship intersect. 
45 Furthermore, it can be seen from FIG. 6 that the bulge 200 
goes below the bottom plane 2 of the ship and comprises 
transition portions 5, i.e. the transition curves between the 
portion of the bulge 200 approaching the bottom plane 2 of 
the ship. 

50 It very much depends on the properties to be achieved by 
the sinusoidal waterlinc-type hull ship whether the transition 
curves 5 comprise a steeper or a flatter transition region. The 
bulge 200 extending also in vertical direction beyond the 
bottom plane 2 increases the deadweight of the ship signifi- 
55 cantly and on the other hand significantly in^rovcs mainly 
the rolling capability of the ship. This rolling in^ovement, 
among others, results from the fact that, when the ship is 
rolling in seawaves, the water flowing around the hull in the 
bottom plane region 2 transversely from the center line of 



smp wmcn is rci«c»cui,w j , ^. . „ „ u.„« ofttirrat hp a lift comiX)nent to the ship which related 



wataHne-type hull ship represented by the full line with a 
borirontally extending bulge. As the huU of me ship is 
substantially symmetrical, only one half of the transversal 
CTOss section of the ship is represented so that the center line 



hence, generating a lift conq>onent to the ship which related 
to the center line plane of the ship corresponds to a moment 
directed upwards. 
In order to ensure that, nowhere on the hull of the ship, the 



CTOSS section oi tne snip is rcprcsenicu ao uuxi uic ^ -- . * 

p^ane 1 which is us^ as reference line to determine the 65 bulge 200 goes below the keel hne which is important frcmi 
pianc 1 wnivii i» u»c« ^ .. ....... . . «^nt ri^ rfnr In n a the shin without avme nse to 



beam of the ship at various heights of the transversal cross 
section. The hull of a conventional ship corajrises a side 



the point of view of docking the ship without giving rise to 
damage to the hull during the docking operation, the bulge 
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200 starts from a zero vertical extension at the area of about 

L/3 firom the bow and gradualiy increases towards the — — — — — 

^ ^ - r., Model; M-186'7C 

transom stem 7 or the snip. 1:26.50 

no. 7 represents a bottom plane view of half a huU ^ [^"^1^°^^"'"'*'^^'° 

according to FIG. S made with a bulge 200 running from the iojo^du 

bow of the ship up to the transom stem 7. This Figure center of pnfelkr disc: 6^25 m from trmaoim IS m from ccatcxplaDc; 

indicates that the vertical extension of the bulge 200 can . m from base plane 

already start at the bow region of the ship and gradually ^— ^— ^— — 

increase therefrom to the transom stem. The line inside the -^hc pitot-mbe, of course, measures the velocity of the water 

bottom view represented in FIG. 7 represents the point at the particles through the piDpcUcr disc. The pitot-tube wake 

respective cross section where the bulge 200 runs into the survey was undertaken by moving the pitot-tube systcmati- 

bottom plane 2. That means the line shown represents a cally over the ptDpcUer disc area. Referring die FIGS, 

tangent line of the locus, where the bulge 200 runs into the 12o-12J, test results for the Taylor Wake are provided for 

bottom plane, that means that in the range L/3 from forward angular positions at radii ranging from 40 mm to 100 mm, 

perpendicular FP of the ship, the only horizontally extending respectively relative to the scale model The data from the 

bulge runs into ttie bottom plane 2 of the ship at a point griy>hs in FIGS. Ua-lTd are incorporated into a curve of 

inside the distance between the center line plane of the ship constant wake fractions for the propeller disc shown in HG. 

and ooint P' ^ shown in FIG. 13, there is no hull wake across most 

*^ ' ^ of the propcUcr disc. Only between 330° and 30** is there a 

According to a further embodiment of the invention, the 20 ^^^^ ^^ke and even here the wake fraction is less than 

vertical extension of the bulge 200 starts, for the reasons o.2. This means ttiat a propeller which is attached to the hull 

mentioned with regard to FIG. 6, approximately at a pdnt of the ship at this location runs through water flowlines that 

173 of the jghip and gradually increases towards the transom are nearly undisturt>ed by the ship's hull, 

stem. The width of the bulge 290, where the bulge comprises Refening again to FIG. 9, another aspect of the invention 

also a vertical extension witti regard to the bottom plane 2 25 is dtyictcd. The central axis (21) of the propeller (20) is 

is preferably in a range defined by the ratio b/B approxi- parallel to the base plane (11) of the sh^. This serves two 

matcly 0.5 to 0.8- The term b stands for the distance from the purposes: first, the entire thrust vector of the propeller is in 

center line plane 1 to the tangent Hne, where the vertical the forward direction of the ship; and second, the axis (21) 

extending bulge 200 runs into the bottom plane 2. whereas of the propeUer (20) can be swiveUed 360* to direct the 

B rqjiesents the ma TiTnum width of the ship at this particular 30 thrust vector in any direction parallel to the base plane (11) 

cross section, that means the distance between the center line of the ship. With the entire thrust component oriented in the 

plane 1 of the ship and the wiflTiTnnm beam including the . direction of the ship's forward motion more efficiently 

horizontal extension of the bulge 200 with regard to point P. utilizes the power necessary to prq>cl the ship. 

. ^ ^ ^ „ J Referring again to FIG. U, propeUers (20) and (30) arc 

FIG, 8 represents a sidcvicw of the hull made acc^riUng 35 shown, one in each of the stem comers below the obUquc 

to an embodiment of the present invention. The hull 10 of , ^ ^^^^ in^oved maneuvcrabiUty and control 

the sinusoidal watciiinc-typc hull ship compnscs a bulbous ^ ^ ^^ip be steered by varying the 

bow going in forwaid direction beyond forward papcndicu- propcUors (20) and (30), but the axes of the 

lar FP of the ship, a sloped surface 6 starting from alx)ut L/3 propeUers (20) and (30) may be swiveUcd from side to side 

to the transom stem 7 of the ship. At a cross section forward ^ ^^^^ transverse to the forward 

perpendicular, the tangent line coincides with the center hne ^^^^ ^ propcUcrs (20) and (30) may be 

of the bulbous bow 4. The bulge 200 is shown extendmg efficiently swiveUed because they arc operated in zones of 

frran and below surface 6. j^ae is ahnost no hull wake. Also, a third 

Also, the improved hull configuration provides zones of propeller (40) is shown, which extends below the keel line 
reduced hull wake. Hull wake describes a phenomenon 43 near tiie bow. This propeller also has the ability to swivel 
wherein water particles flowing around the hull have vector from side to side for added maneuverability, 
components in fee same direction as the forward motion of Another embodiment of the invention is shown in FIG. 
the ship. Regarding propeller placxmcnt, it is important to 14. It represents a schematic side view of a hull comprising 
know the speed of the water through the space occupied by a skeg extending in the longitudinal direction fit>m about L/3 
the propeller relative to the ship. The wake fraction is given 50 measured from forward perpendicular FP of the ship with 
as Taylor-wake W7=l-Vyv, where V^=Spccd of wata regard to the length L of the ship to the transom stein 7. The 
throu^ the prcpcUer disc, and V=Speed of the ship. Thus, skeg 300 corresponds to the shaded area in FIGS. 14-16. 
where Wj. is nearly one (1), the water particles moving The general shape of the hull term of the sinusoidal 
throu^ the propeller disc have forward components nearly watcrline-type hull ship comprises a bulbous bow 4 extend- 
as great as the ship. This is undesirable. However, if is 55 iog in forward direction beyond forward perpendicular FP of 
Dcariy zero (0), then Ac forward vector components of the the ship, a sloped or oblique surface 6 starting from about 
water particles are almost non existent Therefore, it is best 173 and running to the transom stem 7 of the ship and a base 
to position the propellers where Wj- is neariy zero (0). plane 2 which forms the borderline plane for the maximum 

, . vertical extension of the center skeg 300, so that the center 

Referring to FIGS. 9, 10 and U, one embodiment of the ^ ^j^^^ 300 has a maximum vertical extension or height which 

invention is shown from the starboard side, the aft, and the ^ section of the ship cciresponds to the center 

top, respectively. Here, a propeller is positioned below the ^ 

obUque surface (10) near a comer of the stem of the ship. A \^ ^^^^ ^ ^^^^^jj^ according to FIG. 14 

second propeUer (30) is also positioned below the obUque growing the longimdinal and transversal extension and 

surface (10) near the opposite comer of the stem of the ship. ^ ^ principal representation of the center skeg. In 

Tests were pcrfonned to determine tiie magnitude of the longitudinal direction of the ship, the center skeg starts with 

hull wake at the stem comers. The test parameters included; a zero vertical extension, that means at a level coinciding 
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with tttf base plane 2 and gradually iQcieasing in height, that 
means in vertical extension towards the transom stem 7 so 
that the lowamost portion of the skeg coincides with the 
base plane 2 at each and evoy cross sertion of the ship. For 
reducing turbulence, the thickness of the skeg gradually 
decreases to zero value at the transom stern 7 of the ship. 

In order to further increase Che rolling stability of the ship 
and to increase the deadweight of the ship without altering 
the ovenll dimensions of the ship, the skeg comprises skeg 
bulges 310 which arc arranged in the lower portions of the 
skeg, that means in the area of the skeg adjacent to the l>ase 
plane 2 without going beyond the base plane 2. The skeg 
bulges 310 tangentially run out of the substantially parallel 
side walls of the skeg 300 at a location of about L/3 of the 
ship, and gradually increase towards a maximum horizontal 
extension at the aft portion of the ship, from which the 
horizontal extension oft he skeg bulges 310 gradually 
decrease to zero extension and therefore coinciding with the 
aftmort portion of the skeg 300. With a skeg of thickness (b), 
it is advantageous to hove a maximum horizontal extension 



10 



15 



2. A ship as in claim 1, wherein said first propeller is 
attached to the ship so that the maximum local hull wake 
through said first propeller is less than 0.20. 

3. A ship as in claim 1, wherein said first propeller is 
attached to the ship so that the maximum local hull wake 
through said first propeller is less than 0.10. 

4. A ship as in claim 1, wherein said first propeller is 
attached to said surface near a comer of the transom staiL 

5. A ship as in claim 1. further comprising a keel line 
which extends from the bow of the ship to said surface at 
about 172 and wherein a second propeller is attached to the 
ship at said keel line. 

6. A ship as in claim 1» wherein an axis of said first 
propeller is substantially parallel to the base plane of the 
ship. 

7. A ship as in daim 1, wherein said first propeller is 
powered electrically. 

8. A ship as in claim 1, further con^rising a second 
propeller. 

9. A ship as in claim 8; wherein said second propeller is 



it is advantageous to have a maximum honzontal extension ^ - ^ ^ of the 

from the starboard extension to the port extension of said ^ Z^^^^ 
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skeg bulges which correspond to 2b, that means double the 
width or thickness of the skeg. If the beam of the ship is 
designated with B, the thickness of the skeg related to the 
Ijeam of the ship, that means h/B is approximately 1 over 10. 

FIG. 16 represents a schematic view from the transom 
Stan according to FIG. 14 for a sinusoidal wataline-type 
hull ship with a skeg including skeg bulges as weU as 
horizontally and vertically extending hull bulges. This view 
according to FIG. 16 represents a combination <tf hull bulges 
200 with the inventive center skeg 300 including skeg 30 
bulges 310 on either side of the skeg 300. The skeg 300 as 
well as the skeg bulges 310 result in an increased dcad- 
wd^t of about 20 to 30 percent of the ship without altering 
the overall dimensions of the ship. As it can be seen from 
FIG. 16, the skeg bulges 310 tangentially run into the 
substantiaUy parallel sidewalls of the center skeg 300 at the 
transition periods from the skeg bulges into the center skeg 
wall. Both the center skeg 300 and the hull bulges 200 alone 
and in combination result in a significantly improved rolling 
behavior of the ship. 

While the particular emtxxliments for the device of the 
present invention as herein disclosed in detail arc fully 
capable of obtaining the objects and advantages herein 
stated, it is to be understood Aat they arc merely illustrative 
of the pcesenUy preferred embodiments of the invention and 
that no limitotions are intended by the details of construction 
or design haein shown other than as described in the 
appended claims. 

I daim: 

1. A ship of a displacement type with a pointed bow and 
a transom stem, a longitudinal length of L, and defining a 
base plane and a design waterline plane, the ship compris- 
ing: 

approximately sinusoidal watcrlines; 
a surface extending from the transom stem at the design 

waterline plane to the base plane at about L/2 and 

defining an angle between: 

the base plane and 

an obHque plane, said oblique plane being defined by: 
a line at the intersection of the transom stem and the 

design waterline plane and 
a point located on said surface at about 0.2 L from 
the transom stern, and a first propeller which is 
attached to the ship, wherein the maximum local 
hull wake through said first propeller is less than 
0,50, and wherein said fint prcpeUer swivels so 
that an axis of said first propeller turns in any 
direction parallel to the base plane of the ship. 



transom stem. 

10. A ship as in claim 8, wherein said second propeller is 
oriented such that an axis of said second propeller is 
substantially parallel to the base plane of the ship. 

11. A ship as in claim 8, wherein said second propeller is 
powered electrically. 

12. A ship as in claim 1, further conyrising a plurality of 
propellers. 

13. A ship as in daim 12, wherein said plurality of 
prc^ellers are oriented so that central axes of said plurality 
of propellers are parallel to the base plane of the ship. 

14. A ship as in claim 12, wherein said plurality of 
propellers swivel so that the axes of said plurality of 
propellers turn in any direction parallel to the base plane of 
the ship. 

15. A ship of a displacement type with a transom stem, a 
longitudinal length of L, and defining a base plane and a 
design waterline plane, the ship comprising: 

approximately sinusoidal watcrlines; 
a surface extending from the transom stem at the design 
waterline plane to the base plane at about 172 and 
defining an angle between: 
the base plane and 

an oblique plane, said oblique plane being defined by: 
a line at the intersection of the transom stern and the 

design waterline plane and 
a point located on said surface at about 0.2 L from 
the transom stem; 
a first vertically rotatable propeller attached in the rear 
half of said surface of the ship near a first corner of the 
transom stern at a position wherein the local hull wake 
through said first propeller is less than about 0.5; 
a second vertically rotatable propeller attached in the rear 
half of said surface of the ship near a second comer of 
the transom stem at a position wherein the local hull 
wake through said second propeller is less than about 
0.5; 

a third vertically routable propellw attached along a bow 
keel line. 

16. A ship as in claim 15, further comprising: 
60 a first fin extending from the surface and next to the first 
prxjpellcr, the first fin being located outside of the first 
propeller, and 

a second fin extending from the surface and next to the 
second propeller, the second fin being located outside 
63 the second propeller. 
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